Although remediation is usually aimed at reducing the risks posed by contaminants to human health and the environment, it is also desirable that the remediated soil within future green spaces is capable of providing relevant ecological functions, e.g. basis for primary production.
INTRODUCTION
Contamination is a widespread threat to soil throughout the world. The soil quality standards for protection of the soil environment are based on guideline values which are usually derived from Species Sensitivity Distribution (SSD) models reflecting a dose-effect relationship for the selected species in ecotoxicity tests (Burgman 2005; Posthuma and Suter 2011) . These tests, however, do not account for soil functions (e.g. basis for biodiversity, basis for primary production) relevant for future green areas of remediation sites. The emerging regulatory requirements on soil protection demand a more holistic and stringent soil assessment in soil remediation projects (Bone et al. 2010) .
For the base case scenario the effects of contaminants on soil functions, e.g. organic matter degradation, recycling of nutrients, water cycling, formation of soil structure, biodiversity, can be evaluated using the Triad approach to ecological risk assessment (Semenzin et al. 2009 ). This approach simultaneously considers chemical concentrations, bioavailability of pollutants, ecotoxicity and ecology (Semenzin et al. 2009; Dagnino et al. 2008 ; Karjalainen et al. 2009 ). The ecology part of the Triad approach links the species to the processes and functions they mediate. If a particular species is affected by contaminants, the corresponding functions and processes are also considered to be impaired. Biodiversity indices are suggested to be used accounting for species richness, composition and evenness in the contaminated soil capturing biodiversity function (Semenzin et al. 2009 ).
It is generally assumed that remediation will not only reduce contaminant concentrations/amounts in the soil, but also restore ecological soil functions (Swedish EPA 1996) . However, research results show that some remediation techniques can lead to soil structure disturbances, decline in organic matter, and nutrient deficiencies (e.g. Dawson et al. 2007; Makino et al. 2007; Pazos et al. 2012) , in turn affecting a soil's potential to carry out its ecological functions associated with primary production. The SF Box tool may facilitate
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Revised manuscript 20140519 integration of information on these soil functions into the management process of remediation projects and is seen as being complementary to ecological risk assessment. First, the paper provides a background to the study by describing the SCORE (Sustainable Choice Of REmediation) tool which was developed for sustainability appraisal of remediation alternatives using Multi Criteria Decision Analysis (MCDA). Thereafter, the paper details a generic framework for soil function assessment in remediation projects. Further, the overall input/output flow in SF Box, which was developed in the context of the SCORE tool, is presented followed by description of scoring curves for soil function assessment and soil classification. Examples are then provided of two practical applications of SF Box in Sweden, explicitly taking into consideration uncertainties in the results. Finally, the study results are discussed and conclusions are drawn.
BACKGROUND
SF Box is a module of the SCORE tool. SCORE was developed for sustainability appraisal of remediation alternatives (Rosén et al. 2013 ). The tool is based on a MCDA framework capturing environmental, socio-cultural and economic criteria (Table 1) .
The SCORE tool is aimed at evaluating changes (effects) as a result of a remedial action relative to the reference alternative (e.g. no action is taken). The social profitability criterion of the economic domain is addressed with a Cost-Benefit Analysis. The effects in the environmental and the socio-cultural domains are scored as follows: Very positive effect: +6 to +10; Positive effect: +1 to +5; No effect: 0; Negative effect: -1 to -5; Very negative effect: -6 to -10. A normalized sustainability index is calculated for each alternative by aggregation of the scores in the three domains using a linear-additive method. Criteria of all three sustainability domains are evaluated with respect to effects on-site and off-site as well as effects due to reduction in source contamination and due to the remedial activity itself.
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SCORE further analyses the trade-offs between criteria determining whether a strong performance on one criterion is compensated by a weaker performance on another one.
The Soil criterion is an important aspect in sustainability appraisal of remediation alternatives. In SCORE, this criterion consists of two sub-criteria: (1) Ecotoxicological Risks and (2) Soil Functions, addressing the effects of remediation alternatives on the soil environment relative to a reference alternative. In this paper, the focus is made on soil function assessment within SCORE. The presented soil function assessment is meant to complement the ecological risk assessment.
GENERIC FRAMEWORK FOR SOIL FUNCTION ASSESSMENT
The suggested method for soil function assessment includes six steps: (1) selection of a minimum data set consisting of physical, chemical and biological indicators; (2) scoring of soil quality indicators; (3) calculation of soil quality index; (4) classification of the soil into soil classes; (5) uncertainty analysis, and (6) evaluation of the effects on soil classes relative to a soil class in the reference alternative (Figure 1 ). Different sets of soil quality indicators (SQIs) can be used to evaluate different soil functions. The minimum data set (MDS) for assessment of soil functions associated with primary production is presented in Table 2 and derived based on studies exploring the effects on ecological soil functions in remediation projects (Brown et al. 2005; van Herwijen et al. 2007; Epelde et al. 2008a,b; 2010a,b; Doni et al. 2012; Pazos et al. 2012; Jelusic et al. 2013 ). The suggested MDS was identified by compiling SQIs that are (1) suggested by three or more of the literature sources, and (2) consistent with the MDSs for the purposes other than agricultural productivity of land (Bone et al. 2010; Craul and Craul 2006; Lehmann et al. 2008; Schindelbeck et al. 2008) .
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The NH 4 -N concentration determined with a distillation method is used in this study as a proxy of biological activity for nitrogen in the soil. For example, Sharifi et al. (2007) suggested using the NH 4 -N concentration for predicting mineralizable N in the soil. Strong linear relationships between potentially mineralizable nitrogen and the NH 4 -N concentrations determined with the distillation method were reported in Bushong et al. (2008) .
THE SF BOX MODULE
Input/output flow
The overall input/output flow in the SF Box module is presented in Figure 2 . Contents of clay, silt and sand are used to determine soil texture (ST) using the Food and Agriculture of United Nations (FAO) triangle (FAO 2006) . Content of coarse material (CM) is equal to the gravel content. Further, available water capacity (AW) is determined from the pore volume estimations of mineral soils using ST, organic matter content (OM) and bulk density (BD) (Lehmann et al. 2008) . Using the scoring method, the sub-scores are computed for the SQIs from MDS presented in Table 2 . AW, OM, potentially mineralizable nitrogen (NH 4 -N) and available phosphorus (P) are scored differently for coarse-, medium-and fine-textured materials ( Figure 3 ). Coarse-textured materials are sand, sand, loamy sand, sandy loam.
Medium-textured materials are loam, silt loam, silt, sandy clay loam. Fine-textured materials are clayey loam, silty clayey loam, sandy clay, silty clay, clay (Gugino et al., 2009) . Further, the soil is classified based on the soil quality index which is an integration of the sub-scores.
A technical description of a preliminary version can be found in Volchko (2013).
Scoring curves
The effects on soil functions are evaluated using the scoring approach described by Andrews et al. (2004) , Gugino et al. (2009 , Schindelbeck et al. (2008) and Volchko (2013) . First, the sub-scores for CM, AW, OM, NH 4 -N and P are computed using three types of scoring functions: "more is better", "optimum" and "less is better". For the "more is better" example, the higher the value of soil quality indicator the higher the performance score of this indicator (see Figure 3b ). For the "less is better" example, the lower the value of the soil quality indicator the higher the performance score (see (Table 3 ). The objective was to make the approximation as close as possible to the actual function describing the relationship between the measured value of SQI and a soil performance (sub-score).
In SF Box, a functionality was developed for NH 4 -N and P to provide the practitioner with some flexibility on selection among standard methods used for laboratory analysis of these SQIs. The scoring functions were developed for each analysis method. Two scoring curves were developed, 1) for potentially mineralizable nitrogen and 2) for the NH4-N concentration determined with the distillation method. The latter is presented in Figure 3 (d).
Two scoring functions were developed for vegetation favoring neutral and acidic pH ( Figure   3 e).
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Soil classification
For integrating information from soil quality indicators into the management decision process, all sub-scores are integrated into a soil quality index using the arithmetic mean as suggested by Andrews et al. (2004) :
where I -soil quality index, SQI -i:th soil quality indicator, n -the number of SQIs.
Other methods for aggregation of the sub-scores, i.e. computation of quadratic mean and geometric mean, can also be selected in SF Box.
The soil quality index forms a basis for soil classification into five soil classes corresponding to very good, good, medium, poor and very poor soil performances (Table 4) .
Uncertainty analysis
The uncertainties in the predicted soil class result from spatial heterogeneity of SQIs, a limited sampling size, and analytical errors. Being an Excel-based tool, SF Box allows for uncertainty and sensitivity analyses with the Oracle © Crystal Ball add-in software. The uncertainties in the resulting soil quality index and the soil class are handled by assigning probability distributions to the SQIs in the scoring model and running a Monte Carlo simulation (MCS). MCS is a technique that randomly and repeatedly picks values from the probability distributions for each uncertain variable in the model in order to provide estimates of the likelihoods of different outcomes (Bedford and Cooke 2009) . The sensitivity analysis is performed to investigate the contribution from each input variable, i.e. SQIs, to the total uncertainty in the soil quality index and the soil class.
Assuming that all SQIs are normally distributed and accounting for sample size, translated and scaled t-distributions are used to represent the uncertainties of the mean value of each SQI. The parameters of the t-distribution are the mean value of the SQI, the scale (
and the degrees of freedom (݊ − 1), where s is the standard deviation and n is the number of soil samples (Gelman et al. 2004) . The normality assumption is based on data analysis with the ProUCL4.0 software for the Hexion and the Kvillebäcken sites (see case description below). Since BD is represented by five discrete values ranging between 1 to 1.8 g/cm 3 in accordance with the table for determination of the pore volume of mineral soils (Lehmann 2008 ), a discrete custom probability distribution is used to represent the uncertainty in this SQI.
CASE STUDIES
Hexion
The Hexion site is located in Mölndal, south of Gothenburg, the western part of Sweden.
Hexion is a former industrial site, with a former paint factory producing chemicals and binding agents. The industrial activities lasted from the 1940s until 2007. After remediation, the site is planned to be used for apartment blocks, school and preschool, shops and offices, traffic areas and parking lots and green areas with playing grounds.
Hexion is situated in the Gothenburg terminal moraine deposit. The soil deposits have a complex composition with varying fraction distribution, from well-sorted sand and gravel to glacial till with lenses of finer grains. The depth of the soil is generally 5-15 meter with glacial till closest to the bedrock, followed upwards by sand, gravel and silt (for details see Landström and Östlund, 2011) . As a result of the long history of industrial activity there are large amounts of filling materials on top of the natural deposits. The filling material mostly consists of sand, gravel, bricks and asphalt (NCC Teknik 2010).
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The Exposure pathways for humans with the future land use (as described above) are in the form of oral intake of contaminated soil, direct skin contact with contaminated soil, and inhalation of dust originating from contaminated soil. The results of the site-specific risk assessment show that exposure to volatile contaminants beneath the new buildings is not regarded to be an issue because the constructions will be sealed preventing volatiles from entering the buildings. There is a need to reduce the human health risks, and the risks for the environment (the upper soil layers and deep soil layers in limited parts of the area).
Kvillebäcken
The Kvillebäcken site is situated in Gothenburg, south-west Sweden. It is a former industrial site with small industries and other related activities. Eastern Kvillebäcken, which is a part of the redevelopment of a larger area, will primarily be developed into a residential area, with multi-family dwellings and such elements as retail premises, kindergartens, club rooms and the like. One part of the redevelopment area, in the vicinity of the residential area, is going to be turned into a green area. This area is located along the Kvillebäcken stream. 
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Soil sampling and analysis
At the Hexion site the soil was randomly sampled at two depths: 0-0.2 m and 0.2-0.5m within the "green" area. At the Kvillebäcken site the soil within future park area was sampled
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regularly with an approximate sample separation of 25m to depths of 0-0.2 m and 0.2-0.5m along a line parallel to the stream (see plan in supplementary material). Sixteen soil samples were collected in total at each site. After being oven-burned at 550°C, the soil was sieved to analyze particle size distribution (ISO 3310-2). The organic matter content was determined using a loss on ignition method (SS-EN 12879). The NH 4 -N concentration was analyzed by distilling the sample with a sodium hydroxide solution prior to titration with hydrochloric acid (APHA 1992) . pH was determined using a glass electrode in a 1:5 (volume fraction) suspension of soil in water (ISO 10390). Available phosphorus extracted with ammonium lactate was quantified using inductively coupled plasma (ICP) spectrometry (the AL-P method; Egner et al. 1960 ; SS 02 8310). Available water capacity was determined indirectly as a function of soil texture, organic matter and bulk density (Lehmann et al., 2008) assuming that bulk density equals to 1.6 g cm -3
.
Results
The soil function assessment results for the Hexion and the Kvillebäcken sites are presented in the SF Box spreadsheet model shown in Figure 4 and Figure 5 respectively. According to the FAO soil texture triangle (FAO 2006) 
DISCUSSION AND CONCLUDING REMARKS
SF Box
The SF Box tool integrates information from different SQIs into the management decision process enabling managers of contaminated land to evaluate the effects of remediation alternatives on ecological soil functions as a part of sustainability appraisal. The soil assessment in the tool is however limited to soil functions associated with primary production. In order to assess a biodiversity function, another set of SQIs and scoring curves should be developed, e.g. biodiversity indices can be used as suggested by Semenzin et al. Figure 5a ). In contrast, high sub-scores for OM at Kvillebäcken indicated that the soil is rich in organic matter, thus having a good water storage and nutrient cycling potential. The high sub-scores for AW at both sites indicated that the soil is capable to store a sufficient amount of water in the soil for soil organisms between precipitations (see column O of the spreadsheet models; Figure 4 and Figure 5 ).
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The parameter uncertainties in SF Box were handled with Monte Carlo simulations using the Oracle Crystal Ball© software. The uncertainty analysis results show that the soil quality index corresponded to class 3 (medium soil performance) with a high certainty (see supplementary material) when the sub-scores were aggregated as arithmetic mean. Although the arithmetic mean is suggested for aggregation of the sub-scores (Andrews et al. 2004) , the SF Box tool provides the possibility to select other methods to derive a soil quality index. For the Hexion site, when the sub-scores were aggregated using a geometric mean, the mean of the simulated soil quality index corresponded to a poor soil performance ( Figure 6 ).
Furthermore, the simulated soil quality index for the Kvillebäcken site was associated with more uncertainties when the sub-scores were aggregated using a geometric mean. In contrast to the arithmetic mean, the geometric mean does not allow for compensation of a strong performance on one SQI by a weaker performance on another one. Selection of the method for aggregation will have a large impact on the results.
The last step of the soil function assessment as outlined in Figure 1 is carried out in the SCORE tool for sustainability assessment, where the effects of remediation alternatives on soil functions are scored relative to the soil class computed for the reference alternative. In case of excavation, if contaminated soil within the future green area of class 3 will be substituted with a clean soil of higher soil classes, the effects on ecological soil functions associated with primary production will be positive. These higher soil classes imply that the soil is rich in organic matter, has sufficient amount of nutrients (e.g. phosphorus and plantavailable nitrogen) and a low content of coarse fractions. However, if the contaminated soil will be replaced with a clean soil of lower soil classes, i.e. soils with nutrient deficiencies and a high content of coarse material, the effects of remediation on ecological soil functions associated with primary production will be negative.
Decision support
The Soil criterion in the SCORE tool for sustainability appraisal of remediation alternatives addresses the effects associated with both ecotoxicological risks and soil functions. Thus, the results generated by the SF Box tool are seen as being complementary to ecological risk assessment. Usually, ecological risks assessment is based on guideline values derived from SSD models reflecting exposure of species under laboratory conditions.
However, lab-to-field extrapolation of the SSD data can be misleading, because exposure conditions in the field and laboratory assays can significantly differ (Swartjes et al. 2012) . For this reason the guideline value should rather serve as a marker for identification of the sites for further ecotoxicity studies. The Triad approach to ecological risk assessment is therefore suggested in order to combine contaminant concentrations, ecotoxicity and effects on a biodiversity function (e.g. Semenzin et al. 2009; Sorvari et al. 2013) . Admittedly, although soil functions associated with primary production and biodiversity can be assessed for the base case scenario, it is difficult to predict the effects of remediation technologies on these functions when evaluating remediation alternatives. There is a lack of studies which are aimed at exploring the effects of remediation on a soil's capacity to carry out its ecological functions (Volchko et al. 2013) . Still, soil functions should be considered in a management process of remediation projects, because it is important not only to reduce the risks posed by contaminants to a soil biota but also to ensure reestablishment of favorable conditions in the remediated soil enabling the biota to operate.
Being in line with the emerging regulatory requirements on soil protection, the SF Box tool facilitates integration of information from the suggested SQIs into the management decision process in remediation projects. Although the information from SQIs is intended to provide input for sustainability appraisal of remediation alternatives, it can also be used by practitioners for developing remediation strategies. If the soil has potentially favorable conditions for providing ecological soil functions, e.g. a limited content of coarse fragments and sufficient amounts of water and nutrients for soil organisms, alternative remediation strategies can be considered, e.g. the risks posed by contaminants in the soil can be reduced 
